In this work we present the model of a counter-current spray column in which a triglyceride (tripalmitic triglyceride) is hydrolyzed by water and leads to fatty acid (palmitic acid) and glycerol. A finite volume model (FVM) of the column was developed to describe the reactive extraction process with a two-phase system and validated with an analytical model from the literature with the given data set encompassing six experimental runs. Global, variance-based (Sobol) sensitivity analysis allowed assessment of the sensitivity of the sweet water glycerol content in respect to liquid density, overall mass-transfer coefficient, reaction rate coefficient and the equilibrium ratio to rank them accordingly. Furthermore, parameter estimation with a differential evolution (DE) algorithm was performed to obtain among others the mass transfer, backmixing and reaction rate coefficients. The model was used to formulate and solve a process design problem regarding economic and sustainable performance. Multi-criteria optimization was applied via DE to minimize total annual cost (TAC) and the Eco99 indicator by varying the steam inlet flow rate and distribution over the two steam inlets as the independent variables. The model and analysis was implemented in Fortran and Python where the Fortran model can also be embedded in a process simulator such as PRO/II or Aspen.
Introduction
Vegetable oils are mixtures of triglycerides of different composition subject to the type and origin of the oil. The derived intermediates from vegetable oils are glycerol, methyl esters, fatty acids and fatty alcohols and can be regarded as the platform chemicals in the oleochemical domain. Triglycerides have side chains with even C-numbers in natural oils and thus fatty acids processed from vegetable oils are also composed of even C-chains. The global vegetable oil market has grown to a worldwide market and is expected to reach 30 billion US Dollars in the year of 2024 of which the Southeast Asian (Asian-Pacific) region holds the largest market share. With the highest proportion, fatty acids made up 55% of the total demand in 2015 [1] . Applications of oleochemicals range from food and cleaning to beauty products. This makes vegetable oil a suitable substitute for petroleum-based products; however, it is critically discussed if and how bio fuels (fatty acid methyl esters, in short FAME) should be produced from this source via transesterification [2] [3] [4] . In this work we will discuss hydrolysis as the chemical conversion route of triglycerides which takes place in the industrial applied spray column unit operation.
Hydrolysis Reaction
The hydrolysis of triglycerides is the reaction to perform if fatty acids or glycerol are the desired products. Figure 1 shows the general hydrolysis scheme of triglycerides where the fatty acid sidechains depicted with the letter R can vary in length and saturation (amount of double bonds). Studies on the hydrolysis of fats and oils have been performed over several decades and are summarized in Table 1 . The hydrolysis reaction is discussed in this section and the research on counter-current spray columns is elaborated subsequently. Table 1 . Studies in the literature on the hydrolysis of fats and oils.
First Author Reactor Type Reaction Type and Order Catalyst and Process Conditions Model and Studied Parameters
Patil [5] CSTR Reversible & Pseudo-1st Order None Algebraic Equations Forero-Hernandez [6] Batch None Lascaray, 1949 [7] Review Review Review; 100-220 • C -Lascaray, 1952 [8] Review Review Review; 100-220 • C -Sturzenegger and Sturm [9] Batch
Irreversible & Pseudo-1st Order ZnO Jeffreys [10] Spray column Irreversible & Pseudo-1st Order ZnO Algebraic Equations Rifai [11] Spray Column Reversible & 2nd Order? Namdev [12] Review Reversible & Pseudo-1st Order Attarakih [13] Spray column Reversible & Pseudo-1st Order Reduced Population Balance Model
Patil et al. [5] investigated the hydrolysis reaction in a continuous-stirred tank reactor and proposed a three-step reversible reaction scheme for the hydrolysis of tri-(TG), di-(DG) and monoglycerides (MG) with water (W) to give fatty acids (FA) and glycerol (GLY) where DG and MG act as intermediates: [6] show with the experimental data set from Alenezi et al. [14] that the identified mass-transfer coefficient and reaction rate constants are highly correlated. The experimental data are based on the non-catalyzed hydrolysis of sunflower oil in a batch autoclave at 300 • C. A three reaction regime over time is assumed based on the work by Patil et al. [15] and Aniya et al. [16] , where the first heterogeneous regime in the interface is mass-transfer controlled, the second pseudo-homogeneous regime in the oil phase is controlled by the irreversible fast chemical reaction, and the third homogeneous regime in the oil phase is reaching the reversible chemical equilibrium reaction controlled state ( Figure 2 ).
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Reaction in oil phase Reaction in oil phase Figure 2 . Hydrolysis of triglycerides in three-step reaction periods.
Spray Column
The result of an extensive literature search led to the identification of one data set which could be used for validating the finite volume model of a counter-current spray column ( Figure 3 ) developed in this work. This data set was found in the work of Jeffreys et al. and their work is outlined in the following section with an additional section depicting contributions by Rifai et al. [11] .
Research by Jeffreys et al.
The analytical model calculations by Jeffreys et al. [10] rely on reaction rate data by Sturzenegger and Sturm [9] (catalyst level of 0.25% zinc oxide) and the value of 0.17 1/min was used as the reaction rate constant. The reaction is assumed to be of pseudo-first order and irreversible. It is assumed that the water content in the continuous phase is in excess and constant. Jeffreys et al. imply (referencing Mills and McClair [17] ) that the increase of the continuous phase and the decrease with respectively 4% and 7% of the dispersed aqueous mass flow rate is negligible. As a consequence of this assumption the solubility of water in the oil phase will be about 10% at process conditions. The continuous and dispersed phase mass flows are being assumed constant regardless of the internal column position and the dispersed phase droplets are assumed to travel through the column at the same velocity. In the discussion of their results Jeffreys et al. state that in the lower part of column the chemical reaction is the bottleneck to the mass-transfer-controlled process. Furthermore, they mention the unfavorably operation at 18% flooding capacity which should rather be 30-40% as suggested by Minard and Johnson [18] to amend the mass-transfer process. Jeffreys Table 2 shows the difference between the assumptions made by the two studies. Reaction kinetics irreversible first order reversible second order: In this work we make the following assumptions based on the previously made findings from the literature: Variable mass flow rate is assumed for the continuous and dispersed phase and the model is then re-parameterized in respect to the mass-transfer rates, reaction rate and the backmixing coefficients.
• The finite volume model also takes backmixing into account as van Egmond and Goossens [20] showed that they obtain better results when considering axial dispersion. Figure 4 illustrates the interaction of the important properties and phenomena regarding a spray column [21] . The important physical and temperature-dependent properties in the spray column model are liquid density and liquid viscosity. Liquid density is used in the reaction rate term to calculate mass from volume. Liquid density and liquid viscosity enter also hydrodynamic calculations (correlations or computational fluid dynamics). The hydrodynamic calculations provide slip velocity and the interfacial area between the phases to the mass-transfer rate calculations. Furthermore, the backmixing and holdup values get directly included in the mass balance equations of the spray column model. The kinetics describe the stochiometry, reaction order and mechanism of the reaction system. These together with the liquid density go into the reaction rate expression which makes up the production or consumption terms in the component mass balances. The problem at hand is a boundary value problem at the height position x = 0 ft (bottom of column) and x = H (top of column). The system of partial differential equations (PDE) can be discretized with the finite volume method (FVM). The process model for hydrolyzing triglycerides with water to obtain fatty acids and glycerol is implemented in Fortran and interfaced through Python (via f90wrap [22] ) to perform sensitivity analysis (with SALib [23] ), re-parameterization and multi-criteria optimization (with SciPy [24] ). A diagram of the FVM can be seen in Figure 5 and the equations are described in the next section. 
Methodology
Process Model of a Counter-Current Spray Column
Material Balance
The mass balance of triglycerides in the oil phase is described by the following equations:
Comp. flow to upper stage
Backmixing to lower stage
Consumption of TG by 1st order reaction
Feed on stage k (1) where L k and G k are the mass flowrates of oil and water in lb h . h is the length of a stage or respectively a volumetric element since the modeled column does not feature any plates, stages or packings. The height of one element is h = H/N. x TG i ,k is the mass fraction of the triglyceride species TG i in the volumetric element k. α x is the backmixing coefficient for the continuous oil phase. k i is the reaction coefficient in respect to the triglyceride species i, S is the cross-sectional area of the column, h is the height of a volumetric elements, ρ Oil is the density of the oil phase at the given operating temperature and φ F,k is the fraction of the total feed flowrate F fed to the column at stage k.
Water phase The component balance of fatty acids in the oil phase is nearly identical to the triglyceride balance except for the positive production term:
Comp. flow from lower stage
Production of FA by 1st order reaction
Feed on stage k (2)
x FA,i,k is the mass fraction of the fatty acid species in the volumetric element k. w FA,i (=1.05 for palmitic acid) is the mass related ratio to produce one unit fatty acid from one unit triglyceride. The component balance of glycerol in the oil phase includes the mass transfer of glycerol between the oil and aqueous phase:
Mass transfer of GLY from oil to aqueous phase
where w GLY = 11.72 is the mass related ratio to produce one unit glycerol from one unit triglyceride.
For the component balance of glycerol in the aqueous phase the production term can be excluded since the reaction is only taking place in the oil phase:
Backmixing to upper stage
Comp. flow from upper stage
The internal flowrate for the dispersed (water) phase is defined as:
Total mass flow to lower stage
Total mass flow from upper stage
Mass transfer of W from aqueous to oil phase
Steam injection on stage k (5) and the internal flowrate of the continuous (oil) phase reads:
Total mass flow to upper stage
Total flow from lower stage
Phase Equilibrium
Based on the two film theory by Whitman [25] , the equilibrium concentration of glycerol in the bulk aqueous phase at the interface y * GLY,k can be expressed with the distribution ratio ψ GLY and the concentration in the bulk oil phase x GLY,k :
Analogously, the equilibrium water fraction in the bulk oil phase is:
The distribution can be calculated for example with the modified UNIFAC model but in this work we use the data for the distribution ratio of glycerol from the reference case for validation purposes and assume a distribution ratio of zero for water since no water is assumed to be soluble in the oil phase.
Solving the System of Equations
The system comprises (NoC + 2) * N equations with (NoC + 2) * N unknown variables being the fractions of the individual triglycerides and fatty acids in the continuous phase, the 2 glycerol fractions in the continuous and dispersed phase and the internal flowrates of both phases in each volumetric element. In this model we assume that each triglyceride has equivalent fatty acids sidechains and consequently one kind of triglyceride (1 mole) will react to one kind of fatty acid (3 moles). The continuous phase consists of triglycerides, fatty acids and glycerol. The dispersed phase is a mixture of glycerol and water since we assume no mass transfer of triglycerides and fatty acids between the oil and water interface. Thus, the water fraction in the dispersed phase can be derived from the glycerol fraction with the summation rule. Equations (1)-(3) are (NoC − 1) * N equations which gives NoC * N equations when including equation set (4) . The equation sets (5) and (6) add 2 * N equations and the system has no degrees of freedom with the number of equations being the same as the number of unknown variables. The system of non-linear equations was solved with a global Newton method (NLEQ1 solver [26] ). The base case is derived from experimental run number 6 conducted by Jeffreys et al.
Parameter Estimation via Differential Evolution (DE)
The initial estimates of the parameters for fitting purposes can be obtained via differential evolution (DE). The sum of squared error is evaluated during the parameter space search via DE by formulating the following objective function as the sum of squared differences between the predicted and measured data:
and
A scaling factor had to be introduced for the mass flow rate differences to scale them to the value range of the mass fractions which lie between zero and one. DE is a stochastic direct search method by Storn and Price [27] and the algorithm is summarized in the following: 
where m f actor is called the mutant factor or differential weight. 4.2. Recombination: Generate trial vector by a probabilistic swapping (crossover) of elements from current target vector with mutant vector. 4.3. Replacement: Evaluate cost function and replace target vector with trial vector if the cost function is lower with the parameters from the trial vector.
5.
Parameter vector is returned with best fitness.
The model is then fitted with the parameters returned from DE routine as the first guess. Table 3 summarizes the data set from Jeffreys et al. which was used for the parameter estimation. 
Multi-Criteria Optimization via Differential Evolution
Energy efficiency is an important aspect to make the economic performance of the spray column more viable and the direct injected steam consumes the largest energy share in this process [28] . The operating costs must be evaluated to optimize the amount of steam fed to the column and how to distribute it between the two steam inlets. The steam cost is summarized in Table 4 with the total cost for steam production being 13.6 $ per 1000 lb steam [29] . 
Fuel price: 6 $/MMBtu.
A possible formulation of the environmental objective would be the Eco 99 -indicator [30] which describes the effect of a product or process on the environment over its life cycle in terms of three damage categories: Human health, ecosystem quality and resources. The three damage categories are then weighted and normalized to balance or put emphasis on short-or long-term perspectives [31, 32] .
The weighted values of the three damage categories are then summed up to retrieve the Eco 99 -indicator. The measure of the Eco 99 -indicator is performed in points whereas 1 Point aligns with one thousandth of the yearly environmental load of one average European inhabitant. Table 5 lists the points per lb of the material/energy flows β b consumed by the spray column process. With this table an analysis for each damage category can be assessed as a function of the steel used for building the spray column, the steam consumed per year and the electricity needed for feeding the oil to the spray column. First the resource flows β b are multiplied with the individual impact category values and then summed up to obtain the impact of the resource usage on the damage category. Then the damage category values referenced to each resource are summed up and subsequently weighted and normalized to obtain the Eco 99 -indicator with the final summation. It is noted that the values in Table 5 are already normalized with respect to the steel, steam and electricity consumption. The equation for the indicator can be formulated as follows:
In conclusion, the description of the multi-criteria optimization problem is:
As we applied the DE algorithm to perform the parameter estimation, we apply the same algorithm to solve the optimization problem. The different criteria were scaled with constant factors. For both parameter estimation and multi-criteria optimization, the parameters of the DE algorithm were set to a population size of 15, a mutation range of 0.5-1.0 with dithering enabled and a recombination value of 0.7. These parameter values are the standard setting of the differential_evolution function in scipy.optimize. The two parameters subject to variation are G and φ F S ,100 while the algorithm evaluates the objective function until it converges against a minimum and the stopping criterion is reached. The choice of DE as the optimization algorithm treats the rigorous model as a black box and gradient information do not have to be provided to the optimization routine. Furthermore, DE searches the problem space globally for finding the near optimal point and is a convenient method to receive first results before switching to e.g., gradient-based methods. Table 5 . Impact categories for the Eco 99 -indicator and normalized data for steel, steam and electricity [33] . Table 6 highlights the model assumptions and significant variables or parameters for the individual results sections. Table 6 . Model assumptions overview for the individual results sections.
Impact Category Steel [Points/lb] Steam [Points/lb] Electricity [Points/kWh]
Results
Section
Model Assumptions Significant Variables and/or Parameters Figure 6 . The parameters in Table 7 were used to validate the finite volume model against the analytical model by Jeffreys et al. The figure shows that the FVM aligns very well with the analytical model. The FVM presented in this paper was simulated with N = 100 volumetric elements. The glycerol content in the sweet water at the bottom of the column is 18.8%. 
Global Sensitivity Analysis
Global sensitivity analysis allows identification and ranking of the important parameters in a unit operation model and can also be used to locate sensitive zones in e.g., columns and reactors. In this work we perform variance-based Sobol sensitivity analysis to evaluate physical (liquid density), thermodynamic (distribution ratio) and phenomena (kinetics and mass-transfer)-based properties with respect to the sensitivity of the glycerol content in the sweet water stream at the bottom of the column. Jeffreys et al. derive from their six experiments a variation in the overall mass-transfer coefficient for glycerol from 10.1 to 16.0 lb f t 2 h . These values can be calculated with the following equation:
where the HTU (height to transfer unit) values have been documented by the reference paper. First we analyze the experimental data set where the mean value of Ka GLY is 13.0 lb f t 2 h with a standard deviation of 3.0 (±23%). The forward reaction rate is 10.2 1 h with no further estimates or uncertainties given. They also report liquid density values for tripalmitin (C16:0) for each of the six experiments (Table 3) which we assume to be the density value at feed temperature on the first stage of the spray column. The mean of these six values is 45.016 lb f t 3 with a standard deviation of 0.068 (0.15%) lb f t 3 . The mean of the distribution ratio is 10.26 with a standard deviation of 1.5 (14.6%). For the sensitivity analysis we define the means of the parameters as the values from the experimental run number 6 and define a normal distribution with a standard deviation of 5% for each parameter.
Variance-based sensitivity analysis with the Sobol method was performed for the analytical model and the results are shown in Figure 7 . The results show that the distribution ratio and therefore the liquid-liquid phase equilibrium has the highest effect on the glycerol fraction in the bottom product. The overall mass-transfer coefficient follows as the second most important parameter and aligns with the literature that the unit operation at hand is a mass-transfer driven process. However, sensitivity of the glycerol fraction to the reaction rate coefficient is negligible. The reason is the very slow reaction regime [12] . The liquid density has no effect on the conversion from the starting material (TG and W) to the products (FA and GLY) although the liquid density uncertainty has been set higher than actually analyzed before. The liquid density nearly remains constant, even for different temperatures, as seen in the tabularized data (Tables A2-A4) in Appendix A, the liquid density change is relatively low for vegetable oils and pure triglycerides. 
Parameter Estimation
To this end we assumed the same conditions as Jeffreys et al. did in their work. Since Rifai et al. show that variable internal flowrates cannot be assumed constant we defined variable continuous (oil) and dispersed (water) stream flowrates for the FVM. A parameter estimation must be performed for Ka GLY and the second mass-transfer coefficient describing the mass transfer between the oil and water phase Ka W . The forward reaction constant k, the backmixing coefficients (α x and α y ) and distribution ratios (ψ GLY and ψ W ) have also been included as parameters to be estimated. As already highlighted in Table 6 , the model has been extended with the mass transfer and solubility of water to and in the oil phase. The results of the parameter estimation via DE are summarized in Table 8 and compared to the data from Jeffreys et al. who used the individual experimental runs to obtain the mass-transfer coefficient of glycerol. We used all six experiments for fitting the parameters Ka GLY , Ka W , k, α x , α y , ψ GLY and ψ W where the first guess for L H and G 0 had to be provided accordingly. The covariance matrix is: 
The standard deviation of the parameters' mean value is calculated from the covariance matrix and results in:
The results show that more experimental data is necessary to provide a satisfactory parameter estimation. Furthermore, changing the kinetic model to a second order reaction or other reaction scheme may enhance the parameter estimation but if one wants to include a second order reaction model then measurements of the water concentration in the oil phase are needed (see kinetic term for Rifai et al. in Table 2 ).
Multi-Criteria Optimization
Before discussing the results for the multi-criteria optimization we look at the response surfaces of the FVM for the fatty acid and glycerol fractions at the top and bottom of the column. As Figure 8 shows the glycerol fraction increases with decreasing steam flowrates since the glycerol will be more concentrated with lower steam flow rates until it reaches a maximum and then decreases because no water is available for the reaction. We can see a very slight increase of the glycerol fraction when we increase the amount of water which is fed through the first inlet and consequently less water will pass the second steam inlet. Simultaneously when increasing the water flowrate, we can see in Figure 9 that the fatty acid fraction reaches a plateau at about 2000 lb h . Meaning that the water flowrate of 4120 lb h of the base case is too high and dilutes on the one side the glycerol content in the sweet water product and on the other side it does not increase the fatty acid content in the top product significantly. The multi-criteria optimization will therefore find the point where the glycerol and fatty acid fractions are balanced out with respect to the objective function. In regards to the revenue which can be generated from the fatty acid and sweet water product streams, we assume that the product streams will be further purified and therefore set the prices for the palmitic acid product at the top of the spray column to be 0.71 US$ lb [34] which is the price for high grade palmitic acid. The sweet water product at the bottom of column is assumed to be further purified to high grade glycerol with a price of 0.085 US$ lb [35] . The raw material price of the vegetable oil is 0.2359 US$ lb [36] . The size of the column is 73.5 ft in height [10] , 2.16696 ft in diameter [13] and the column wall thickness is assumed 0.01001 ft (3.05 mm). The material is stainless steel 316 (ρ SS316 = 229.9 kg f t 3 = 506.84 lb f t 3 ). For calculating the capital cost, we assume the spray column being the shape of a cylinder and thus the weight of the column is 5.11 f t 3 times 506.84 lb f t 3 which gives 116,522.5 lb. The price of stainless steel 316 is 4227 US$ t [37] and thus we obtain a capital cost of 4966 US$ for the material of the spray column. The Eco 99 -indicator calculation covers the used steel material, steam generation and the electricity for pumping. This results in the following equation for the Eco 99 -indicator:
where β Steel = 1174.8 kg and the pump duty for the feed is β Electricity = 440.59 kWh. The steam flowrate is a decision variable subject to change during the DE algorithm. The weighting factors ω d are set in respect to a hierarchist perspective (human health = 40%, ecosystem quality = 40% and resources = 20%). The results (Table 9) show that the optimization minimizes the steam flowrate to a point where the product constraint is still satisfied. This results in a lower conversion and the fatty acid fraction in the top product is 0.9502 ( Figure 10 ) while the glycerol fraction in sweet water is 0.5571 ( Figure 11 ) with a top product flowrate of 8044 lb h and a sweet water flowrate of 1283 lb h . 
Discussion
The results show that a FVM can be used to describe the spray column unit operation. More experimental data is needed to fully validate the FVM. The experimental setup of a counter-current spray column presented by Cadavid et al. [38] can be established to obtain the necessary data. Combined with the work by Forero-Hernandez et al. [39] to perform rigorous kinetic data analysis and the model presented here, important information about the hydrolysis of vegetable oils in spray columns can be obtained. Future research should be made regarding computational fluid dynamics (CFD) to describe the hydrodynamics in the spray column. This will allow the generation of surrogate functions from the computational cost-intensive CFD model and include them in the FVM model. The multi-criteria optimization formulation can also be re-formulated as a multi-objective optimization problem which gives interesting possibilities in process design and control research [40] . Future research endeavors are also advised to include an energy balance in the model formulation for taking the temperature gradient over the column height into account.
Conclusions
This work presents a FVM for a counter-current spray column to describe the hydrolysis of vegetable oils. The presented model can be adapted to different spray column designs/configurations and gives the engineer a valuable tool to validate, analyze and optimize an industrial scale spray column. The possibility to perform parameter estimation is given if experimental data from an existing plant is provided. Through multi-criteria optimization sustainable process design can be achieved by including sustainability indicators such as the Eco 99 -indicator into the objective function. The model enables the testing and analysis of different scenarios and allows communication with packages and tools in line with the concept of digital industry 4.0. 
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Appendix A. Data Study
The liquid-liquid distribution ratio m GLY (also known as K-Value) of glycerol between the continuous bulk oil phase and at the dispersed water interphase is a function of composition, temperature and pressure. The correlations from Namdev et al. [12] and Patil et al. [15] assume a dependency on temperature only. From the correlations in Table A1 we can conclude a lowest value at 4.5 (beef tallow fat at 280 • C) and the highest value at 30.0 (peanut oil at 225 • C). Table A1 also summarizes the correlations for the equilibrium reaction coefficient k e and the forward reaction coefficient k 1 found in the literature. [12] reversible 1st order -0.458 1.160 k e = exp(9.604 − 4913.01/T) [13] reversible 1st order -0.7725 2.0596 k e = 2.22 [15] reversible 2nd order -2.22 2.22 k 1 = 10 5.062−3367/T [9] irreversible 1st order 1/min 0.0201 0.0944 k 1 = exp(12.116 − 8089.2437/T) [13] reversible 1st order 1.8605 × 10 −4 0.0120 k 1 = exp(7.1 − 5750/T) [15] reversible 2nd order kmol/(m 3 min) 0.0118 0.0371
Beef tallow fat m = exp(−12.0062 + 7473.2363/T) [12, 13] --20 4.5 m = exp(−10.25 + 6565/T) [15] --18.7 5.04 k e = exp(12.987 − 6206.7356/T) [13] reversible 1st order -1.6795 5.7971 k e = 2.22 [15] reversible 2nd order -2.22 2.22 k 1 = 10 4.663−3170/T [9] irreversible 1st order 1/min 0.0199 0.0855 k 1 = exp(12.0207 − 7924.5695/T) [13] reversible 1st order 0.0205 0.0997 k 1 = exp(10.34 − 6825/T) [15] reversible 2nd order kmol/(m 3 min) 0.0347 0.1355
Peanut oil m = exp(−8.0 + 5680/T) [15] --30.0 9.7 k e = 2.22 [15] reversible 2nd order -2.22 2.22 k 1 = 10 5.025−3410/T [9] irreversible 1st order 1/min 0.0151 0.0725 k 1 = exp(5.83 − 4505/T) [15] reversible 2nd order kmol/(m 3 min) 0.0402 0.0988 T in Kelvin.
Tables A2-A4 summarize the collection of liquid density values for pure triglycerides, vegetable oils and water. Table A2 . Liquid density values for caprylic, lauric and stearic triglycerides (TG) taken from the KT consortium lipid database [41, 42] . 
Type of TG
